Frontal analysis capillary electrophoresis hyphenated to electrospray ionization mass spectrometry for the characterization of the antithrombin/heparin pentasaccharide complex.
The interaction of proteins with polysaccharides represents a major and challenging topic in glycobiology, since such complexes mediate fundamental biological mechanisms. A new strategy based on the hyphenation of frontal analysis capillary electrophoresis (FACE) with electrospray ionization mass spectrometry (ESIMS) is reported for the characterization of protein/carbohydrate complexes. While most of the previously reported CE-MS experiments were performed using capillary electrophoresis in zone format, we report for the first time CE-MS experiments in which CE was performed in frontal analysis (FACE-MS). We showed that the frontal mode offered a better sensitivity than zone mode and was well suited for the CE-MS coupling. This FACE-MS coupling was applied to the analysis of the complex between antithrombin and the sulfated pentasaccharide reproducing the antithrombin-binding sequence in heparin. The mixture of coincubated antithrombin and heparin pentasaccharide was continuously injected into the capillary, and the electrophoretic separation of the free and bound forms of the protein was achieved. The intact noncovalent complex antithrombin/heparin pentasaccharide was detected on-line by ESIMS in positive ionization mode and in nondenaturing sheath liquid conditions. The complex stoichiometry was determined from the mass measurement of the complex. In addition, the characterization of the sulfated pentasaccharide ligand dissociated from the complex was performed in negative ionization mode using a denaturing sheath liquid, allowing the determination of its molecular mass and sulfation features. This FACE-ESIMS strategy opens the way to ligand fishing experiments performed on heterogeneous carbohydrate mixtures and subsequent characterization of specifically bound carbohydrates.